ABSTRACT
Introduction
The prevalence of dementia is increasing worldwide as the population ages (Cohen, 2003) . Current estimates indicate that there are 24 million people with dementia worldwide, with approximately 60% of them living in developing countries (Ferri et al., 2005) . The proportion of people with dementia is expected to double every 20 years, and by 2040 70% of them will be living in developing countries such as Nigeria, India and Brazil.
Presently available epidemiological studies suggest that the prevalence of dementia is higher in developed than developing-countries (Jorm et al., 1987; Hofman et al., 1991; Hendrie et al., 1995; Breitner et al., 1999; Lobo et al., 2000; 10/66 Dementia Research Group, 2000a; Vas, 2001; de Silva, 2003; Shaji, 2005; Zhang, 2005) . However, the number of well-designed surveys aimed at ascertaining the prevalence of dementia in non-industrialized countries is small (10/66 Dementia Research Group, 2000b; Ferri et al., 2005) and fails to express adequately the vast demographic, cultural and socioeconomic heterogeneity of these populations.
During the past few decades a large proportion of older adults living in Latin America moved from rural areas to large urban centres, where they often live in underprivileged areas of the city (Dufour and Piperata, 2004) . These people have poor literacy and general health, including high prevalence of cardiovascular diseases (Marins et al., 2007) . Low educational attainment and cardiovascular diseases are associated with increased risk of dementia (Newman et al., 2005; Valenzuela and Sachdev, 2006) , which suggests that older people living in developing countries have a particularly high risk of developing dementia. These people also lack access to the factors that ultimately lead to successful compression of morbidity (Fries, 1980) , and this may lead to earlier onset of illness and greater comorbidity among those living in disadvantaged communities.
Brazil has one of the fastest growing populations of older people in the world (United Nations Department of Economic and Social Affairs, 2002) . Those aged 60 years or over currently represent 9% of the total Brazilian population (Instituto Brasileiro de Geografia e Estatística, 2006), but will make up 24% the total population by 2050 (United Nations Department of Economic and Social Affairs, 2002) . Somewhat surprisingly, there is only sparse systematic information about the prevalence of dementia in Brazil. One study investigated the prevalence of dementia in a medium-size community in the southeast of Brazil (Herrera et al., 2002) . In that study, the total prevalence of dementia among subjects aged 65 years or over was 7.1%. There is currently no information about the prevalence of dementia in the socioeconomic disadvantaged large urban centres of Brazil. This study aimed to determine the prevalence of dementia among older adults of low socioeconomic status living in a well-defined region of the city of São Paulo, the largest metropolis in South America.
Methods

Study design
A cross-sectional one-phase population-based study was carried out with all residents aged 65 years or older living in an economically deprived area of São Paulo, Brazil. The present study is part of a collaborative program developed by the 10/66 Dementia Research Group, an international network of investigators, mostly from developing countries (10/66 Dementia Research Group, 2000a; Scazufca et al., 2002) .
Study setting and sample
The city of São Paulo has an estimated population of 10.4 million inhabitants (Instituto Brasileiro de Geografia e Estatística, 2006) and is divided into 31 administrative boroughs, with territorial and population demarcations. The present investigation was carried out in the borough of Butantã, located on the west side of the city. In 2000 the area had 377,576 residents, of whom 6.2% were aged 65 years or over and 13% lived in shanty towns. The study was carried out in 66 census sectors (the smallest administrative areas) covering a population of approximately 63,000 residents, representing 17% of the total population of the Butantã borough. The selection of areas was based on the presence of shanty towns and/or Family Health Program teams (such teams are normally placed in the most disadvantaged areas of the city of São Paulo), but was not limited by them (i.e. they included the entire census areas, not only shanty towns). These areas had the lowest Human Development Indexes of the borough (Secretaria do Governo da Prefeitura de São Paulo, 2004) .
Eligible participants were people aged 65 years and over who were residents in the defined census sectors. They were identified and recruited through door knocking of all households within the census sectors boundaries. All eligible subjects were invited to participate, regardless of whether or not other older adults living in the same residence had already consented to take part in the study. Institutionalized individuals were not included.
The sample size was based on the precision of the prevalence estimate, and was calculated to be 2000 subjects, for a prevalence of dementia of 5.0% with a 95% confidence interval of 4% to 6%.
Measurements
The assessment of dementia was carried out with a harmonized one-phase dementia diagnostic procedure developed by the 10/66 Dementia Research Group for use in population-based studies in developing countries (Prince et al., 2003) , and a detailed assessment of the onset and course of the dementia syndrome. This procedure, which was devised to avoid educational and cultural bias in the assessment of dementia, included the Community Screening Instrument for Dementia (CSI-D) (Hall et al., 2000) , an adapted version of the CERAD ten-word list learning task with delayed recall, the animal naming verbal fluency task from the CERAD (Welsh et al., 1994) , the Geriatric Mental State (GMS; a semi-structured clinical interview for the assessment of mental status) (Copeland et al., 1986; Prince et al., 2004) , and a structured neurological assessment to ascertain the presence of lateralizing signs, parkinsonism, ataxia, apraxia and primitive "release" reflexes. The interview with the informants consisted of an enquiry about the participant's cognitive and daily function according to the CSI-D (Hall et al., 2000) and a brief history of the participant's functional and cognitive decline based on the History and Aetiology Schedule Dementia Diagnosis and Subtype (HAS-DDS) schedule (Dewey and Copeland, 2001) , which was completed when informants reported the presence of decline in the CSI-D. The diagnosis of dementia followed DSM-IV criteria (American Psychiatric Association, 1994) and used all the information collected from the subject and his/her informant. The HAS-DDS also provided information that allowed for the classification of dementia subtypes (American Psychiatric Association, 1994) as Alzheimer disease (AD), vascular dementia (VaD) or mixed dementia. The latter included cases with characteristics of both AD and VaD, and cases with a history of parkinsonism.
We ascertained age by asking older adults and their informants about the dates of birth of participants, and by collecting the information from participants' identity cards (which are mandatory in Brazil). In the rare instances where there was inconsistency between these sources, the interviewer asked further questions to determine the likely age of the participant.
Procedures
Eight mental health workers were trained in the use of the research protocol. The assessments were conducted between May 2003 and April 2005. All eligible residents who consented were interviewed. For each participant, an informant was also identified. Informants were co-residents aged 16 years or over, or a relative or friend who was familiar with the participant's life history. Interviews with participants and informants were scheduled to take place at the participants' homes approximately one week after recruitment and, whenever possible, were carried out simultaneously by two different interviewers. These assessments took approximately 90 minutes. For participants with severe mental or physical disabilities, informants were also asked about the participant's socioeconomic characteristics.
Ethical considerations
Participants provided written informed consent. Those deemed unable to consent because of mental or physical incapacities were recruited on the basis of informants' signed agreement. When participants were illiterate, the information sheet and consent form were read aloud, and verbal witnessed consent was obtained. The study received ethics approval from the Brazilian National Committee for Ethics and Research (CONEP-Brazil).
Statistical analysis
Data entry was carried out twice, and consistency checks performed. Data analysis was carried out with the software STATA 9.0 (StataCorp, 2005) . Age was grouped in five-year age bands from 65 to 84 years, and one group aged 85 years or older. Monthly income was grouped into five categories (in US dollars equivalent): zero to 85, 86 to 127, 128 to 246, 247 to 500, and 501 or more. Educational attainment was grouped into three categories: no formal education, incomplete basic education (1 to 3 years), and complete basic primary school education (four or more years of school education). The total prevalence of dementia was estimated with its respective 95% confidence interval (95% CI). The prevalence of dementia according to gender and age group was also estimated. We used the direct method to calculate the standardized estimate of the prevalence of dementia, with corresponding 95% confidence interval (United Nations Department of Economic and Social Affairs, 2005) . Briefly, this approach takes into account the age structure of a standard population (in this case, the UN population for developed countries) and the prevalence of dementia for each age group in the study population. The standardized estimate can be seen as the prevalence that would be observed if the study population had the same age structure as the standard population. The prevalence of Alzheimer disease (AD), vascular dementia (VaD) and mixed AD and VaD was estimated with respective 95% CI. The associations between AD, VaD, and mixed AD and VaD with gender were estimated. These analyses were controlled for age group. We estimated the association between dementia and educational attainment as well as income with logistic regression. These analyses were controlled for gender and age group. Statistical significance was assessed with likelihood ratio tests.
Results
Sample characteristics
It was necessary to contact (by door-knocking) 21,727 households in 66 census sectors to identify 2,266 persons aged 65 years and over, of whom 2,072 (91.4%) agreed to participate in the study. Among the 194 non-participants, 180 (8.0%) refused to participate and 14 (0.6%) died or moved to an address outside the study area between the identification and interview phases. Participants and non-participants had similar gender and age distributions. Twenty-five (1.2%) participants were severely ill and did not answer any of the cognitive questions. Most informants were the children (47.0%) or spouses (33.6%) of participants; 76.6% were women, and the mean age of informants was 50.0 years (range: 16 to 95, median: 49). We were unable to identify an informant for four participants (0.2%). We completed the assessment of these subjects and all available information was then used to determine whether or not dementia was present at a consensus meeting of the investigators. Table 1 shows the demographic and socioeconomic characteristics of the participants. Their ages ranged from 65 to 102 years, 42.9% were aged 65 to 69 years old, 65.8% had been born in rural areas, 45.9% were married, 38.3% were illiterate and 31.0% had a monthly income of less than US$85.00 (only 29 (1.4%) subjects had a monthly income of more than US$1,000). Those living in shanty towns numbered 545 (26.3%). Of the participants, 1,255 (60.6%) were Table 1 . Demographic and socioeconomic characteristics of participants women, and women were older than men and had lower educational attainment and income.
Prevalence of dementia
The criteria for the diagnosis of dementia were met in 105 participants, yielding a prevalence of 5.1% (95% CI 4.1-6.0) ( Table 2 ) and a standardized population prevalence of 6.6% (95%CI 5.4-7.8). Among women, the prevalence of dementia was 5.4% (95% CI 4.2-6.7) and among men 4.5% (95% CI 3.1-6.0). The prevalence of dementia increased with age, from 2.3% among those aged 65-69 to 16.7% among those aged 80 years and over.
Of the participants with dementia, 34 (32.4%) had AD, 34 (32.4%) VaD and 37 (35.2%) other types of dementia (29 cases of mixed AD and VaD, and eight cases with a history of parkinsonism). The prevalence of AD was 1.6% Table 2 . Prevalence of dementia by gender and age group, and odds ratios (OR) with 95% confidence intervals for the association of dementia with age group by gender (95% CI 1.1-2.2), with a non-significant trend for higher prevalence among women (OR = 1.94, 95% CI 0.87-4.35; adjusted for age). The prevalence of VaD was 1.6% (95% CI 1.2-2.2) and was higher among men than women (OR = 2.17, 95% CI 1.09-4.33; adjusted for age). Prevalence of mixed dementia was 1.4% (95% CI 0.9-1.9) and affected a similar proportion of men and women (OR = 0.75, 95% CI 0.34-1.66; adjusted for age). Low educational attainment and income were associated with increased risk of dementia, even after the analyses were controlled for gender and age group. Using no formal education as the reference category, the OR for those with one to three years of formal education and for those with four or more years were 0.75 and 0.19, respectively (p < 0.001, test for trend). When considering the lower income group as the reference, the OR for the income groups between US$86 and US$127, US$128 and US$246, and over US$247 were 0.60, 0.34, and 0.27, respectively (p < 0.001, test for linear trend). Education and income did not change the association between age group and dementia. Gender was not associated with dementia even after taking education and income into account.
Discussion
The results of this study showed that the prevalence of dementia among disadvantaged people aged 65 years or over is approximately 5%, with similar prevalence for men and women in all age groups up to age 80 years, after which a larger proportion of women are affected. Low educational attainment and income were associated with increased risk of dementia. The implication of these findings will be discussed after consideration of the methodological aspects of our survey.
Methodological aspects
Non-participation was low (8.6%) and mostly due to refusals. The one-stage design avoided systematic losses between identification of eligible subjects and the assessment of cognitive status. Institutionalized older people were not included, but this is unlikely to have altered the prevalence estimate, as people from low socioeconomic status in São Paulo do not have access to residential services (nursing homes or hostels), which are run entirely by the private sector. Because the study aimed to assess the prevalence of dementia in a disadvantaged community, its results may fail to reflect accurately the situation for the entire population of São Paulo or Brazil. However, our results provide valuable information about the situation for a large proportion of older Brazilians.
Differences in prevalence estimates of dementia between studies may be explained by methodological differences. For example, the authors of a study carried out in four centres of China (Zhang et al., 2005) attributed the higher prevalence of dementia in their study to ascertainment bias and small sample sizes of previous studies in East Asia. In the present study, the diagnosis of dementia was based on the use of a well-established protocol with robust sensitivity and specificity (Scazufca et al., 2002; Prince et al., 2003) . This protocol asks all informants about the cognitive and functional status of participants regardless of their cognitive status, which improves the quality of the information obtained (Prince et al., 2003) . We acknowledge that the classification of dementia subtypes could have been improved with the use of a more accurate clinical neurological evaluation and neuroimaging. However, it is now widely accepted that AD and VaD show significant overlap and that misclassification of these dementia subtypes might have limited clinical implications (Langa et al., 2004) . Inaccuracies in the ascertainment of age could have potentially biased the estimate of age-specific prevalence, although this was not a common occurrence in this study (uncertainty in relation to participants' ages occurred in only 39 subjects, and for 25 subjects it was limited to a maximum of two years).
Prevalence of dementia
The prevalence of dementia in our study is in the lower range of what has been reported by surveys conducted in developed economies (Hendrie et al., 1995; Breitner et al., 1999; Lobo et al., 2000) , but is similar to findings from four centers in China (Zhang et al., 2005) , and higher than in India, Nigeria and Sri Lanka (Hendrie et al., 1995; Vas et al., 2001; de Silva et al., 2003; Shaji et al., 2005) . Our study sample had a relatively large proportion of people aged 65 to 69 years, and this may partly explain the relatively low prevalence of dementia when compared to developed countries. In fact, the standardized prevalence estimate that uses the United Nations World Population Prospect for developed countries (United Nations Department of Economic and Social Affairs, 2005) confirmed that our results are largely in agreement with those of Europe, North America and Australia.
We did not observe the typical exponential rise in the prevalence of dementia with increasing age reported by previous studies (Hendrie et al., 1995; Lobo et al., 2000) . Instead, the prevalence of dementia in the age groups 65-69 and 70-74 years was all but identical. This finding might be due to the high prevalence of cerebrovascular disease and other comorbid conditions in this population (Lotufo, 2005) , failure to compress morbidity into the very latter stages of life (aged 80+), high mortality among those with dementia (early censoring of cases), and limited access to health care (Lima-Costa et al., 2003; Dufour and Piperata, 2004) . However, lack of precision for age-specific prevalence estimates does not allow a firmer conclusion about these possibilities. Our findings are also consistent with those recently reported in a comprehensive review of dementia in the United Kingdom (Alzheimer's Society, 2007). The report confirmed that the prevalence of AD is higher among women (67% versus 55%), whereas VaD and mixed cases are more prevalent in men (31% versus 25%). Similar findings have been reported by others (for example, Alzheimer's Australia, 2003) .
Numerous other studies support our finding that low educational attainment is associated with increased risk of dementia, as is low income (reviewed by Valenzuela and Sachdev, 2006) . It is interesting that the association between dementia and poor education and low income was observed in this particularly deprived community, which has a substantially narrower range of education and income than the samples recruited for the studies in developed countries. This suggests that even small gains in those factors could potentially lead to a significant reduction in the prevalence of dementia in the world.
With the progressive improvement of medical care in developing countries, more older adults with dementia will reach their 70s and 80s, resulting in a significant increase in the total number of people with dementia. If that is the case, the number of people with dementia living in developing countries by 2040 may be even higher than the expected 70% (Ferri et al., 2005) . In Brazil, as in many developing countries, there are only limited social policies and scarce resources to support health programs for older people (Lloyd-Sherlock, 2000) , making family members, usually women, the most important source of care for people who develop dementia (10/66 Dementia Research Group, 2004) . In large urban centers, family size is rapidly decreasing, and engagement in employment outside the home is needed, making provision of care by family members more difficult. Health care policies and programs accessible to disadvantaged older adults must be implemented as a matter of urgency to cater for the needs of this growing segment of the population of developing countries.
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